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PROBLEM TO BE SOLVED: To provide a method for cleaning a substrate having 
metallic material and semiconductor material exposed onto its surface 
after CMP (chemical mechanical polishing), which method can reduce 
particles or metal pollution more than in the prior art and can 
effectively remove metal impurities adsorbed on a metal surface. 
SOLUTION: A substrate is first cleaned with a first cleaning solution 
containing ammonia water (first, step) . The substrate is then cleaned with 
a second cleaning solution containing a first complexing agent easily 
forming metal oxide and complex included in a metal material or a 
polishing solution (second step) and containing a second cleaning solution 
containing an anion-, or cation-based surfactant. A second complexing agent 
easily forming metal impurities and complex still remaining on the surface 
after chemical mechanical polishing may be added. 
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[§s** i ] mw\z&mtm&£tf*mmmfimtii 

S£S«£ft?rt&*ffift#?J&T'<fc-?T. (A) 7 

£V&&LZifc&irz>m-<DX.®t. (B) I-WIIO 
(a) WE&R*m©ISfc#l*fc - ttffl82W*fSfc£ 

&<fctf (b) 7 

[IS** 2] ' - fl9E*-©l§teSltt, AA#>S»T* 
[IS** 3] TOE* ->^0&, i7X> 

[IS** 4] WKSB=:<BfcJ*«fc. (c) 

-r&is** 1 nm. 3 ^-rnaMcE^wsisift^su 
[is** 5] wrese— *U7sy*^ 

[is** 6] ttetfuftjM^MW. x^i/>> ! 7 

5>B3i*& (EDTA) h7>^-l, 2-->#D'\ 
W>y75>HSi (CyDTA) , Zh'jDh'Jft 
ft (NTA) , yIfU>hU75>^>^g (DT 
PA) , N — (2-kh*D*->lf}W Xfl/>y75 
>-N, N'., N ' -MJifft (EDTA — OH) , * 30 

[IS** 7] WE3B- OffWSttiw* 1 . iSi^TA 

* 1 6 l>m*»t:EIR«5at«*i**ffi. 
[IS** 8] ttEJB— ©»ffigtt**«. C,iH»0 
(CH,CH,0) jSOjH, C,H„PhO (CH,CH 

,0) .SO s H, C, 2 H«0 (CH.CH.O) .SO 

©SB—. J6-. t> 1/ < BjB = 7 5 >STft 4 C t * ftl ' 

£TSIS** 1 7iS6^i-rn*MCEia©**T5te#*fe. 
[IS** 9] l8E«-OlfiBetta^ C,H„N 
(CH,) ,Br, SfcHC,,H s N (C,H 5 ) (C 

H.) ,B rT**Ht**fkfr6«#?ll715 6^r 

*l;McEtt©S«Sfc#yjJ*. 
[■1**1 0] HBSB-01*»*3S«. 7=*>**fc 

5IS** 1 7bS9^t* n*McE«EOS«i*^ji. 
[IS**11] (DEJI^fflSttJIl* 1 . tBl7f 50 



W$9i2] MESS^cftffiffittffla*. c„H„o 

(CH.CH.O) -SO.H, C,H„PhO (CH,CH 
z O) ) SO J H, C„H 8 0 (CH,CH,0) ,SO 

,h, *fcttJine©7> ; Ex^A^, sfctt, cine 

COS-. =bb< \$m=7 5. >i&T*$>Z>Z\£*ft®. 

<fcTsss**i o tcE«to*«iJfe»*fe. 

[«*ai3] lWK*=©#HHStt:JW*». C.H„N 
(CH,) ,B r, £fc«C,,H»N (C,H>) (C 
H>) ,B r-Q&ZZLtZ&mt -r-5.lt** 1 OlCfEW© 

[11**14] flftE&JRtmftt. zytfT.T-y. m. 
$LTz\t7)\>S. -^AT*$>2> £ IS** 1 7!) 

Ml 3l»fn^CEtOS«ft#*ft. 

[IS** 15] fflESStt, WE*»ft«»*644 

** 1 TbM 1 4 ^"f n*M;:E$S©*&tSfc#?3i£. 
[IS**1 6] WE»*fctt?L«)rtffiK:/VJ7**«R 

CIS**l 7] *ffifc&JR*m*sJ:tf a l 4 3H**f»rt J ll 

T. (a) ME^M«*4C0^b^l<i:#8#:<&^U^-rv^ 
JB-co*<fcSy, *5<J;tf (b) 7-^->^*fel*^^^> 

[IS** 1 8 ] «ffifca*»tt*J:tf¥'3l#«»*«« 

(a) ttE*«#tt©»fc<»iM#*#rtL"*-rv»»— 
©fi-fbSh (b) 7-^->mS!tH*5 L ^ ; >JScD#®fe 

ttsa, *3«tz>* (c) <b*tt««ww*«isufc«, me 

ggftSO £8sJ0 b fc C t £4$® <t -T * 

[IS** 19] WEIS-C0lt<b«9«, #'J75;*^ 
#>^^, £fc«^©7> ; &n'2A}£T&5d<h£'$S$! 
i:-T.*BI*Wl 8CE«t©*««E^«. 

[IS**2 0] fl»E#.'J*;pJl«>»a*«, lfl^>v 
7S>E3i^ (EDTA) , hz>>7.- 1 , 2-->£D 
A^t>y7 5 >B3PB! (CyDTA) . - h U D h U 
g^^ (NTA) . ylf l/>hU75>^>^^ (D 
TP A) . N — (2-kHD*yXf;W ifl/>-/7 
= >-N, N ' , N ' -HJifSS (EDTA —OH) . 

* 1 9 (CEW0)*««t#?K. 

[IS**2 1] nuEm-CO^-ft^JW-gW^^. 
#iiglC«LT 1 ~ 1 0. 0 0 0 p pmT*fe-5IS** 1 8 



(3) 

.3 

[«*js 2 2 ] «nB»-©tt{kffl»i. i3)v# >mm.T' 

[§8**2 3] jfflfB*^* ya^S. *X 

>*, 'J>3*&. -7H>K.' 3A*R, 158, 

2 2 trfB^«SSSfe#jg. 

[18**2 4] «fIIE^Sf£14^J7i ? . SiX7.fJK07 
>^Ex£Ai&, ifctt, fiS&x^xJK&lg— . . *> 10 

Till 2 3 ti-f ndMCSH«©»«tfe^?S. 

1»*5I2 5) fWBWffifl&ttffl* 1 . C„H»0. (CH 
,CH,0) ,SO,H. C,H„PhO (CH,CH,0) , 
SO.H, C, 2 H«0 (CH,CH,0) j S OjH , Sfc 
(S-n^CDT >^r- ^A^. m— , IS—- 

2 3 ViTn*Mc:8B®<oS«t5fe#*R. 
[18**2 6] MESffiSttffl^ CiH„N- (C 
Hj) 3 Br. *fcttC„H»N (C,H S ) (CH,) 2 B 20 
r T-«.-5d<t*^ii<h-r-5Ii^^ 1 7 75S2 3Mf*l* 

[0 0 0 1 ] 
[0 0 0 2] 

^•3fc-/D-fe7.tCi3ViT, <k¥««tt«W* (C 30 

MP) fflV^tlTV**. 
[0 0 0 3] CMPtll W^JS?-i:ib^D D D rorg-& 

[0004] &mm&m&cMT> iz£QMf$.vfz®'ei. 
mm&oz/v a ^gKk&Sffi-^&fifs^E^Sfc^fi© 

^Xr» OCMPTB. ja#£W*3S*> iJDI*8g£ 40 

fli3 0, OOOl/^XAKi, ?Jj?FelilO l! a 
t o m s / c m 2 £k±. tt&%>° 

[0005] z\<d& o\z^3L)\:$iw\z^s&mifift&ir2> 
<t> :kxm(Dmffl&mmmi&T.m^&m}fc^mmiz}o so 
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UT, £XA«aS**Ett£3MS«k<ll*3sT 
[0 0 0 6] UA±««t-5IC> CMPT'DtXSrfflVfci.' 

iiiLT, (/^^£RCAft#7W£</B^£nTl^6. 
RCAftj£te< 7>*x7-iailrtfc#**ft»KJ:BA 

HF (%;%R7ym . *-5^tt^x>gE«flC«J:0^JS^F 

o\z#ifrT.M*2WLm\z#rtz>z\£\z£'o. s*^«fi 

[0 0 0 7] &JREiSMS*f8:ttfcS«<Di5fe#:£i* 
tLT, ^^^F 1 0- 7 2 5 9 4-^^$B«C«, #X>& 

#:*^^®C0¥fiS^»^5 d tti < A— 7"-< £ 
[0 0 0 8] — ^«E»**-r**«©i*#*ft4: 

- 1 8 7 4 7 5^$g(-«4, m&mz&mm&m*mn 

[0 0 0 9] 

[0 0 10] «®R C AifcftHC&^Tte, ^P^FM^ 
««®»cSfflb7c&KEiB§i^£J&:fcUTUi;3. — 

# x >m.&m ^izm-s \tz\<o^o umm^pu n 

^^^SfcSL-t^ fT2>i:^:fi<0^x>^«r^fflL/«tW 
n«7i?>^:<7ipj^?SCOTOC (Total Organic Carbo 
n) *«ja<&4t^iMHA*»-3fc. ■ 
[0 0 11] ^*CDRCAgfe#T-«, «-©gfe 

S?E L ^56^SSB tc -5 t I/O o fc„ H 

\Zt-?Tm,WfZ>» WL-<D$i& (7JU#U&#) ^7> 
^E-77K (0. l~2ttS%) Zm^T-Jyi/tfcftZM 

is^ffl5»7i ; x "j^yifa n. c u kic f h i; s c 
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£1fi$>i>. Z.mt. 7 foifiC u t7> J E — 7t$ 

JIT***:*. >gB#T'©X^>^jiffirt s *# 
< h££b&©T&3., C©«fc 5fet?-.y MC&S* 

[0 0 121 -Zblz. ^MiB^^CMPSaaiCiO^ 

[ooi3] &mw.%km*cup\z&K>w&.tz>t. m 

a. ->ur] >3;Wi4±.{zmffl&mm3i)Wi$.zn, z.<d 
mmmmm3<Dttj£ffiJ s fi\zrtv-7m2 (tind 20 

UTCuffi^l*Si^*nT^5. CcDiB^cojgfiEX 
HK^T. C ufg^l *5<£D^U 7§l 2 (T i Ni) 

y-»if2 3^±t5. f^7-»y2 3«Cu(Dl 

ss^-r-s. -rfr*?*.. jiihi6i»bi3±©t i N*»*-r 

*..?F55ftT i N*3S^tM»*-r"-5fc*Ctt**efl[© 30 

tt*b<fr«>. 
[0 0 14] :ffl < k^ftf-fr»^tt5t, Ga 

[0 0 15] Sfc, r^7-»^4i:«tDAU7t 

««>&*38®§s t ©&#sb \z& ^tgiA { 4 b 3 c t a< 

&5 (B9tt*H) . zwrnmrnzte, r\-=r 4>? )V*> 40 

[0 0 16] ^CDJc^lC, ^SI2^SSfctt^^?L$rW 
£IC®HbT. AS— 5^ ^JV-^^JR^Je*©^*^*- 

t<Dm.ft-v>mg.<o&ft\zi%i£Lttm®i\t* '&%m^*> 
n x # it is «t » t ii 1* * $ n 1* . * a 0 % © ? 5 -> r % 
#-r 7* 7 -> i5t#^ (D'-gjg6*)?$t# & efffl b fc 1 b t *> . 



[001 7 ] 1 0- 7 2 5 9 4 <3£«BEIK 

^-r-5B*zK*tr^b. £>~f b=b?E#ftSfc##J3l£#3 

[0 0i8]±»lfcJ:5l:. £JREIM*D»j£Snfc 
S«Sr«5»'T*«^ v *M»til»S:*T*it. -©& 

[ooi 9] a«fiE»«s©»ifcsnfc*ssft» 

fSl-g-, MSfib/fcRCAifctf ©<£?»::, |g— ©IS 

(7;u* u«fei§0 Tvt-7-^;v£l£i:bSgx©ig 
n-s. £©«•&, hd^^-rsfc*, & 

[0 0 2 0] ^ne>CD«)StC^b, ^©RCAifcif^ 
1 0 - 7 2 5 9 4**i«iB*©tti*ttas#fc*ife 

»I8?8-.18. 

7 4 7 5#^:f8fe«£C0?5fe^a«. ^JSSmSB^^rbfj: 
«sa3«S<&WT-&S«©tfe^Slc:?#bT<Bre«ft^S 
[0 0 2 1 ] ^CT'^^BJ^ ^®td^S»^43<k^¥ 

^ft«^t^aibfc»s»c^^-5>/t— 

[0 0 2 2] , 

B^tc±n«. mmz&mtin&£.zfi¥m&tt&tt&tiii' 

R*«*«fe»-r*««iife»*j*T?»oT. (A) 7 
J;0S«SrSt#-r^>^-©XS<i:, (B) ^-©IS© 

ffl, *5J;l>: (b) 7x^->S*fc(S*5 1 ^->^©^-© 
[0 0 2 3] Sfc*fS^(C<tntf, *ffit^M«^*3«fc 

t/^iSfl: ai b fc s« * «s»-r ir »c ffl ^ e> n a 

^^^BKb-^-f^^— ©li-ftSiJ. *sJ:r/ (b) 7rt> 



n tl 

(5) 

7 

rtb*-r^s-<0«<b#J* (b> 7-^->^*fctt*^ 

[0 0 2 5] *5S9i<oai*ife#*tt^*»S»— 

U fflSid cfc D AJR««fc»t Ufc t" ^ SB* b fc^M 
Mft*. S»#WlwB*"f*il ttf-Xr^&o £ £ 1- * flt^ 

[0 0 2 6 ] ±E#B»tt»tt* ±E»ftfflta*^te 
[0 0 2 7] a*, tt*a*09l"CBl?8UfcJ:5K:. > 
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Ktt*Lfc&R**E4*^ CMPIgT'4i;fc7^r> 
[0 0 2 8] 

[»i!ll©*SE<0«ffi] *%BJ{C^^T, 7-*>**fc 

x^^;i/iB«©»ffifStta*^3. -coo 

K« © ft X. <D 'Pfc V i 

[0 0 2 9] 7 >S^BStt»J'©*#« i: bTH 
fi»JAtfC, 2 H»0 (CH 2 CH 2 0) 2 SO,H, C,H, 9 
PhO (CH 2 CH 2 0) ^SOjH, C l2 H 25 0 (CH 2 
CH 2 0) jSOjH, (Phli7x-'l/>'i) *5«ktf;i 

fctt»E75>S**tf5ns. ±fE^B?£f£#Jtf>e> 

[0030] — zfis #^:*>*#BStt*]£bTtt, m 

*.tfC,Hi,N (CH,) 3 Br, C 12 H 25 N (C 2 H S ) 

(ch 3 ) 2 b rm&mtf*>n2>. 

[0 0 3 1 ] *m*M\Z£>\,*T, 7^t>Stfc^*f^ 
Kttl-1,-0 0 0 ppnu £ 0 b < 1 0 — 50 

oppm^-r^o ^spa^^fe-r^^t^^^^*^ 

[0 0 3 2]-*»^OS«S5t^ffi*Cfe^T, 31 — OX 

t§^«ti:J:oTl- oxgJc&^Trs--^ 
T±E»ffiStt#J*fflv>n«, as— a>xa<B«r(&iMre 

^ 0 «Atf. gt^^7 > : EZ7^TS ) na7 >t-7 
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[0 0 3 3 ] *%W\Z&^T. 

[0 0 3 4] *5EBJ3K£^T, j t\t, a* 

[0 0 3 5 ] *5£W\Z&\, : >TyL&<D%iMt£tZZ> r*«j 10 

6 ft 3 *« © ± k v u a >R<biK £ © *6» 
**** o -iati^s^ns. 

[0 0 3 6] *%BjC0»^b^*SS^5glCOV^T 
IftBJ-r^o Ztl&,&<DmWlt&^T , Tppmj t 

[0037] (micDmmmm) 

TU*. dflDE***icAU7Bl2fe^bTCuiB»l 
*«»6nTV^. B3I1 ^y + SfcliCVDTCu 
dcKU CMP (ib#tt«««W«) i&3i«:JSbfc«* 

[0 0 3 8] H|IBIft»it3»Ctta**6«^6tlT*T 

B«*#a*©SiB<b» (k=3. 9-4. 2) ctOfe^ 40 

(k=l. 8*^K^t>©Tfek=3. 5) o ^^"ejHg^JSr^tf 
ntf, ^>7y^nyr> (BCB) AUU> (Paryl 
ene) -NBt, *-fh^^ (CYTOP) Mft£<D*r«ft. «o 
(Xerogel) I, HSQ (Hydrogen Si 1 isesqu ioxan 
e) K&<!:<Z>&«K* HMO (Hydrogen peroxide (H 
2 0?) / Methyl si lane-based CVD) Kft£0«ttftttttR 
^g|^&£„ tODft^Tt), HSQl (k=2. 8—3. 2) tt 

[0 0 3 9 ] AU7l2l:ttTa, T i Ntt<S:*«»iBK 
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i2<D»tfa, cu^tRsn*. do**, cv 

D, PVD, ^'^f^M^^bn^), Cul8 
m> *^CuIi5 e ttfA'U7i2$:, BHI61RK3 ft* 
gffit^JTWMf 7 a£Btfbffl£*iHiff**Tfb¥ 
W**»W«, ftttotCMPfcfT&illtT, Cui 

[0040] cuBam**T**«£#*£-racM 
p-fa-tT, (stf>. rcu-cMPj tmttz>) t? 
ttfirti. «Atfaifcfc***^ii!i»«ai:«:^3e 

n.T^i)«^^<, coi^CMPt^oxAiii; 

liTMtif 7 a, 7b (3 0, OOOffl/waferJK 
±) ^Sgt§. flT, CMPTiiJ^n^Cu^M 
fb7K3K*TBKb<*nTCuO, (£TF> CuJS^tD? 
-SO tfctO, «JiA$il:ftl 0 ,2 atoms/cm 2 «_b(DC 
ugf6a^ie)n, flffiCK, Fe^in^i^ 
icttFe, K?55fcfc£i;*. »5x;MffilcH CuSi 
P#lCCuI^#f IT 1 0 ,4 atoms/cm 2 £i±OCu^ 

6bs&acuK5^ffftt§. cin^A-^ 

[0 0 4 1 ] »5XAlC#»LTV^WSffJ*3fc<Da#7 
[0 0 4 2] sr»--<bxgfcct4»SF7^5±a j F* 

a, Kntbfc« : Fos««*«i«i'rsfc«). 9xAta 

»**ffl^S21tfcJ:0, -SxAtSfSffitfiStt) 

XAttt^*ffi«ffiSrH^fcLfclK©*«6?lS5ES:-t 

1- 1, 0 0 0 ppm<hf SCt^if* IK 
[0 0 4 3 ] cogtj^TKt LTTV^xy**^*^ 



(7) 
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7K<DiiK£0. 0 0 0 1-6. 5mfi%o®Hi:-riii 
irt*»*L<* 0. 0 0 0 5-0. 01ii%(Olit 

»&nr, at:«*3&«»"r*fttcu*iBOTiEnTL* 

8«f4m*fe^i:f(t 0. 0 0 0 1 -5fi*%<DSS 

[0 0 4 4] 7>^^77K^)^^0 10 

fc«*f#y— F**JH^*£<t*>T**. «##y— F 
7k£\$, *Mc£fctt7>^-^A<*>£4>* (0. 5 

(1 9 8 5*5Btr©«*ft*«K»4lKOp. 2 
-&*67K*fctt7> : E^ l 5A'f (0. 5 11% 

*y — F*tt4"tt—a7;V* UttTftDft^S, RiJiT- 

[0 0 4 5] £fc. '»-<7)«fe»*^tt, ±i£b*i7>^ 
-f *>*^* (0. 5fi*%J^T) <&tf*K:**€:3&# 30 
[0 0 4 6] ?g— <7)ifc#«Jc«»*y— F 

HB*«fcLfc£*. »*U<tt-l. 0 0 0 3 0 0 

■V, «tDffSUB-8 0 0 6 0 0mVch-r^o * 

fc, «*?*y- F**«t^*at*s«»--ssn4 7> : E 

zi7««tt, »*U<ttO. 0 0 0 5-0. 0 1 XT* 

a. 40 

[0 0 4 7 ] ft*. ■|H»*«3iUTSOG*«©« 

[0 0 4 8 ] ^jc**jfi»ffi^-<oxatc«fcaisfe»tc 
o^t^^. s-^iiii^ (a.) &K«»<&BKbtt 

(b) 7X*>5g*fctt*5 1 *>^^^®Stt?i^ 
<c) ^t^W««MWJ8fflaS;Ufc». *$>*BHC» 50 
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[0 0 4 9] JB-©«ft;#JtUT, *;w#>»«. fci 
AtfS'itfB^^*^ ya-JKH Cu 

-CMPTMUcCu&f (CuO s ) 

F«#*»«T*«#€:*T*. Cu Bitted 
A''J7lTS§TiN, Ta, T'aN,TaSi 

>if C£it) f*ilfc*'<. il^WK^ffilcglg-f £C 

[0 0 5 0] td^^WIBaJtiCft'jIlbfcCuS^tt. 
~> zl O ROtf a X y ^ > tftfem (DfrT* te3fc# K E££T 
■^•cl-C*llifi«!RTtt7rL*->»*fctt*^* 

£fc, *St«»'«0«t5*C, ;tU7l2cl:lTTa^T 
i N$:ffl^I^«litbTCu^ffl^fel^, T 
a-^T i N t C u © C M P Wiia©2i:EB l/T C u 

<h#~e#*. CMPCffll^ifSS (^5»J— ) 

t^XAaS^fttia^TB, CMPtiC^XAi 
m\ZK, Ca. TK Cu, Zn^(h'(D^WI 

Til SB-CDWbMtttSJ^ CMP«< *ffifc»B-r 

n^c *U7^y*M>is^iTB> x?i/>yj 

^>ESPffi (EDTA) , h ^ 1 , 

^1t>:y7 5 >E3K^ (CyDTA) , xh'jDhUR. 
m (NTA). , yX?U>hU7$>^>^R8 (DT 
PA) , N — (2-hFD*ylW) Xfl/>y7$ 
>-N, N* . N ' -FUWK (EDTA — OH) m<D 

Kttl-10, OOOppm, KB1 0- 

i, oooppmtn. c<©«ft*<»-r€*t3te»"& 
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[0051] m=.<DmitM*m^z> z t\z£D , <t^w 

««ttffi«SBS*bfc», 0 XAgffi KSeg-r^ 
[0 0 5 2 ] ^m^mm\z^vrzrk^o^7,^m^^> 

ZtX\ ^XA^ffiCDC ulBi^AUT (T i N> T 
a, TaN, Ta S i N^) \Z? * - Z> Z. £ ft 

[0053] (m2(Dmu&mm) ^mmm\z^^>m 
\&&4±\zmm&mm3$:ffi7LT^z>. mmmmm3 
£&T'^z> 0 c<Dm?3mmm3*\z\*. ai, cu^6 

^> 0 B4ii cvd. x/ty^iCctow (^>^;*^ 

[0 0 5 4] W-CMPT11 ifl&fc#**.<hBiRF-e 

«»JibTi£*l£nTV>*»^rt<*<* CMPt©^7X 
ASffilClffliSf (v"J*S« 9 a. 9b**3 0., 
0 0 Offl/wafe-rEUi* ggt5. f it, ^xa^I® 
(Ctel 0 ,2 atoms/cm 2 l^±OF e^^8 a^CS. 2 
e»iC«TS»lCckoT«K, Cu, Ca, Ti, ZnlO 

[0 0 5 5 ] ^«C**JS»ffi<0i5fe#«iaoyD-fe7.-t-O 

[0 0 5 6] g-ragtn 

fc** 7>^x77k (0 0 0 0. 1-511%)., 1» 
■*V-H**fctt**«#* (T>-^x7iSS: 0-5 

aJlttfT**. ffffiSttlB«)SSttl«»41-l. 000 
[0 0 5 7 ] ^-(^Iili, (a) W«i8fc:**ft*& 
(b) 7-*>lfi*fc«*^*>*©ffffiStt»J€:dtf 

[0 0 5 8]»-©»ft»JtLT, i^>iS/fc<h 
Aaya^S*** (0. 0 1- 511%) 



*$BB 2000-91277 

14 

[ 0 0 5 9 ] W-CMPTlffliil:iKF e 

1 0 ,2 a t om s / cm 2 ^ . 

KSlMtcSlg-r^F ettF eO x CD^lC^"pT^-5c £ 

cofe*gfe#jsto^^^*^ffi-rnti, *<&*u— has 

[0 0 6 0] i^5^wy7^±(:Mtfc:iIfi^ 

LTTatT i N ^ffi ^ifejX^if I d: lTW$:ffl ^ 
fc«^> Ta-^T i N <h W(OCMP WSiiftOllicEH 

m.B>iZ.m&'TZ>ZL£&7?%Z>. CMPCffll^if 
MPglOxASffilCK, Ca. Ti, Cu, Zn/ii: 

[ 0 0 6 1 ] *^^^(D^t^7°D-feX^ffl^^^(h 
wy7^WEi»t'AU7 (TiN, T i ) \Z# * 

[0 0 6 2 ]. ($3(0WC) **K»«l4CuE» 
St t * "5XA <D C M P gG)«6»©«IJT*S. 

[0 0 6 3] Cu-CMPfCO^XAH ftftSlOD 
-^Tft*bftV><k5K:* + ««T*. OXA^W 

i*. .tin Ox;\±i:MfLTV^Sft?PJ^**l:S 
mi, esc u &BAi-«>*5-?-n***i)fc«)Tfes. b 

[0 0 6 4] £fc, CuttW^fCtb^TJS^b^-T^fc 
66, CMPS^^xyNttj§^^iJt»SaST#l) 
fF£b<> CMPMift»MIM >5-Ofc3nt 

^^>^<t^a$b^ B 

[ 0 0 6 5 ] «c»«lgtt. B 2 IC^fcfc O 2 glctftt 
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[0 0 6 6 ] 8-CDIgt'li, 7>^x77k (MAli 

o. o o i mm%) t7-*>*sfc«*^*>*a)» 

(0J;Ltfl 0 Oppm) £8&iQLfc*— <0«ci£i8 
2 0 s e c — 6 0 s e c <DZf 5 zs&c&l&M&O 

(OSsjDgttl - 1 , 0 0 Oppm<hT£;i£a*£F£b^- 
[0 0 6 7 ] g-0IiTffl^e>n^^7'>H -B2l: 10 

d^T^^o 7>^x77K<D#«S;£ffi<hLTte, ^ 
jSTt)S^. &#?&i;:te7 >^Ex7zk<2«;;b 0 

£ t K cfc o T» Sn5 pH*«7. 0 TBKbiB5c*tert* 
- 6 5 0 m V : A g C 1 ) <7}fc£7km£?;fr V — 

»LTff&nfcpH^8. 2T»ftJt7C«&**- 7 7 0 20 
mV(&7>^X7»»<0**#V-- KTKSrffl^-CfcJ; 

[0 0 6 8] JB-C5Xe«T«.-«*tC«t*U 5 
sec— 20se c frft^. ^XAM®tc#5§ bfcgfc^ 

[0 0 6 9] 8z©liTli«I©4RS»SI»St5 
(«*tf0, 5X)'iitf, 7-t>^ 
ftfctt*5 1 *>*©*ffiStt«l OOppm) £ 

©i#Hfaftl 5sec-30se cSSt, ^CDjaS 
^^SEtKU >^^r lOsec — 30sec fr^3. & 
«5XAlffiSFPM («*ttH'F : H 2 0 2 : H 2 0 
= 1:1:10 0) iaDj5t#LTCuSf^^C 

[0 0 7 0] ^COgL ^X7N*7,tr>K»UTjft»fflS 

[0 0 7 1 ] #*tt»!8K:45^T, l£&tc<fc£ifc#PSRIi 

[0072] *mmj&m\z&^T. s-011 (7;w* 
*. 

[0 0 7 3 ] C u -CMPftiife^SrWcay^fc 

W-CMP©i6fei*->- 5r>X»4|t|*T*«>. 
[0 0 7 4 ] 

[§&fi6#J] EAT, *jS6W*^tfT*58?BS:R#W«-^t" 
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tt, t*CCl<!:t>0 3Wfe^lS0a»*4i*<Da«*l 0 0 

[0075] tzi&m 1 

«4±(CS i 0^f,&^if«l3^^7X^CV 
DftK.k9*JEfcLfc. WttBOOnrntLft. O^T 
■ W«l»«3 0W3ettBff(ca«)ii*E*"fflCQ»2 0£x 
*^>£/fc:J:D»J*Lfc.(H5 (a) ) . 
[0 0 7 6 ] ^^TT i Nft*S&:£AiJ 7K2 £8 0 

(B5 (b) ) o 

[0 0 7 7 ] ^^U7I2^±C, iSCCu^6^ 
^)ifl^ 5 0 0 niTK CVDgCJ;0 4 5 0 c CIITfiic 
«U -^com, CMPJCcfcO^^b^fTliCuSfi^l £ 
^J&Ufc (B5 (c)'). 

(*&£>&#) CMPtCO^XA^**l:An, «g 

[0 0 7 8] jfcStffflStt, _H2lc«TJ:3fc2R£#W- 
[0 0 7 9] 7> : tx77]c (0. 00 

ni%) ^ e ti/H-x>-;i/^;i-^>^7> j ex^A (2 

0 Oppm) <D0t»m&m^ 2 0 s e c - 6 

0 s e c O^^^^fflJSSr^XAWffi^WUTJEL 

feo i^ftili: <k 0 7^s tttf pssns.' 

[0 0 8 0] &l>T«*fc:<k*U >**5 s e c~2 0 
secSK ^xy\j^ffic7)7> j ex7^^*b^:o 

[0 0 8 1 ] »ZOft»TH f>3.^^ (0. 5fi* 

%) ^ < trXK^->;wx;^>K7> ; tx'5A (2oopp 

iit#BHttl 5 s e c-3 0 s e cgfiitfc. 

»i:<t o oxASi^iSMii $n§ 8 ccomw 

»IC*EtKU 10sec-30se cfrftofcc O 

[0082] *mmm\z&\,*T\*m^<D%£& (7 

[0 0 8 3] Jfc»0J 1 

7 ^x^* (0. 0 0 111%) £U 

[0084] mmm 1 . tt««i 1 ©ft#*fTofc«a> , 5 

XA»ffi<DttliS£«l IC*"t. ^-x^^te, U— tf 
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Lfc. &j^ffi4fe<Z>flifttt. TXRF (^SS^TfcX * €». 

is) »«s«»cTafttofc. gyjrr [ o o 8 5 ] 

7"»MXttO. 2 (imEllSiSUfc. ISBNDJBffiiTM: [3ftl] 
2 Ofli/8-f >^$IAe*T«C-f 6*IT^* 
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teM^tifflf) (atoms/cm 1 ) 


K 


Fe 


Cu 




>30, 000 


2 x 1 0 12 


5 x 1 0 13 


7 x 1 0 12 




1 5 


1 x 1 O 10 


<1 x 1 0 10 


1 x 1 0 1 0 


tmm 1 


1 5 0 


ixlO 11 


6 x 1 0 10 


8 x 1 0 10 



20 



30 



[0 0 8 6] fttCTSLfcJfcS^e. 1 CD^&lcJ; 

nz>Z\£tft)frZ>. 
[0 0 8 7] *Sgfi»J 2 

(*«©*£©) #^lg0y©fti£:£ft©#*<h£t*gtK«: 
06©<fcol;:bTf£§tbfc. SfttDftl:. ->'Jn>^ 

1 ^Kltfc (06(a)). 

[0 0 8 8] OO'ViTT i N^?>6I)^' 15:8 
Onm, ^yi"J>^fel:±t) 1 5 OtCT^lLfc 
(06 (b) ) . 

[0 0 8 9] C^AUJll 1CD±1C» £®»CW2r>iE>/<C 
5iSillS 5 0-Onm, C VDftKJ; 0 4 5 0 "CtCTJfc 
iL ^-©^ CMPK.fcO^Jg'ftSrfi^W:/^ 1 0 
SrJBlSbfc (B6 (c) ) . 

(*«©&*£) CMPltro^XyNSrTkcHCAn, 

[0 0 9 0] &*f>&3te, 0 2 IC^f «t 5 Id 2 gir^tt 

[0 0 9 1 ] %— (OX.mX'\t. 7>^&x77j< (0. 0 0 
111%) *5<t^Hx->^7.JU^>^7> ; &-^A (4 
OOppm) £#frS§— ©ft#$E£ffll^ 20sec~6 
0 s e c ©^^^iSfe^SSr^XAMffilC^UTiSb 

[0 0 9 2] ^ViTS67Klr«t5U >XS:5 s e c~2 0 
secfrV^ '?XAp®©7> : &x;7.£:|S&*b;t. 

[0 0 9 3] frffllifd ya-^i (0. 511 
%) i$£Zf K-rvJl/*)l'*>®7> ; Ex£A (4 0 0pp 
m) fc-£t»JB=©ftiM**JB«'». 7.t">?7ferf 5:lLfc. 
SffiteF PM (HF : H,0 2 : H,0= 1:1:10 
0) TC un=f-fet>lf\Z&tttlC uSl£Bfc£b7c. gt# 
mNlVZ 15sec~30sec gjgtbfc. CcDjJfe^t 
«fc 0 C7XA^ffi©^)ST»E ! t*llC<t-&^*^S$n?>. 

i<7)Sa31^<C»iC7)< y>XSl0sec~30sec fT& 
ofc. o^T^xAfc^fc^&Mkb. «6»nas«:«E7 

bfc. *50 



40 



* [0 0 9 4] fcis, **J6«^*ViTttSB— ©«fe# (7 
[0 0 9 5] J±i£{&J 2 

fe. COi*C»l/T, m-©tt#?8!*5<J:t>'£lx©ft# 

m&izuT ft -oiz. *tt&m-v\z'> m 

-(D$i&m*7>*2=-77k (0. 0 0 111%) tb, 

»=i©ifci**«:->3.£»©o. 5««x*««ibfc. . 
[0 0 9 6] mmm 2 *>«fctm«0»i 2 icpnx, xgB'j 

-fflli, JgX©Ig£fcfc:, 3gJ£#J2 w^sjctn 

<t d «tifc»c»a**«# sna z-ttfyji-zntz. 

[0 0 9 7] 

CS893©2S:£] J&UtSftSflbfc.fcSK. 2ts?!BJ©a 
2Ffttt. 7> ; &x7'7K«(C<J;^?5fe#©^, (a) 

*&#£^j£b^-^Sg-©§&<t3!K fe.tr/ (b) 7"^" 

[0 0 9 8] ifc*9E99(Di«ft#Kti. (a)&Jgfcf 
¥*'©H-fk#li:^$:^fi£b^>i-t^-©^tS«*i«fc^ 
(b) 7x*>S3:fctt;b?:*>*©£Bffitt:JHfc^ 

^ffibfc*«©^^iciifflbfc^^, «n&ac»jai** 

[01] **WK«*»SMt»*ttt©— «©->—■ ir>X 
[0 2] *R«QS«&#:«&&KB-rafc&<D*3!tB 
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[0 3] *^W©Ifi«t^i£W^*<!:ft* ^lASI 

[0 5] *58W©SS»c»*ft«)**»-<!:****©^S 
[0 6] *5EWO**i!fei**}*©***ttt*S*E«>^S 
[0 7] ^^CfSMft^So^-oiiSrof 

[0 8] :$^BJ!c&3»«?ft#7j&cDff§XGDI|§|£©'7 
XA^tB©&JS^3S (SS^I^liM iH^Sr^-f ^ 

[0 9] CMPICt-T y ^>^>&<3££Lfct>ciS£!»l!'i 
f 3 sb Og&friB 0"C$> 5> o 

1 C u SB^ 

2 A'UTI 

3 aram-fbim 



* 4 
5 



10 



S i fi« 
6a Cufi^ 

f emm 
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6 b 

7 a 

7 b 

8 a 

8 b 

9 a 
9 b 
1 0 
1 1 
1 2 

1 3 "7XA 

14a 7*7 ("7X'Ai 
14b (■Jia; 

2 0 « 

2 1 S&Jl 

2 3 =r4y=s>if 



i) 



* 20 



[0 1 ] 



[0 5] 



Cu-CMP 



,20 



(a) 



(b) 



(c) 



/-v/3 
/ v 4 



nil 
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IB2]' 




V3 



13 *>X/N 
14a ?7V 
14b 




(Cu - CMP) 



[03] 





7R11 CTIN.TO 

siftflaCAi,cu)i2 



[H7] 




[06] 

^21 



12 



(a) 



(b) 
y10 



(c) 



\x3 
/ix 4 



11 



item 



(13) 



mm 2 0 0 0 - 9 1 2 7 7 



[12 8 ] 



[0 9] 



CM 

£ 

1 



m 

« 

i 
g 

in 

5: 



1E11 — 



1E10 
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[f^ffilES] 

[IffiB] ¥^l l¥8fl23B (1 9 9 9. 8. 2 
3) 

[*IE*»j] 

iOSlgSrifeirr* (B) m,-<DT.m<D 

* n * &js <omt%a tmw £ wis. i^t ^ib— rofg^t 

^.ty: (b) yx^^ifcttTo^^^fg-w 
[»*912] JWIB3B-©fS<b#Jtt. *;U#.>»«T?* 

KE«©*«ifti**iS. 
I»*^4] nilSHfB— <0iSfe»IRIC, (c) fc^Wlifeli 



■r aw** i TbM 3 vi-rn3i»cEJR©*««s#*». 

5 >ESI (ED T A) . h^>7.-l, 2-->^D^\ 
++)->y7 5 >B3»& (CyDTA) . — h 'J □ h U & 
m. (NTA) , yX?U>hU75>'<>^ftK (DT 
PA) . N — (2 - t Kn + ylfiW Xf k>y75 
>— N. N ' , N" - (EDTA-OH) , * 

5 KE*©*«fti»*iS. 

9 1 6 ^t*n»(cette!>X«ft»^&. 

(CH,CH : 0) ? SO,H. C,H„PhO (CH,CH 
,0) ,,SO,H, C l2 H«0 (CHzCH.O) ,SO 

[»iRJH9] lWEm-ro^BlfStta^. c'.h„n' 



(14) 
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(CH 3 ) 3 Br« £fcftC, s H B N (C 3 H 5 ) (C 
H.,) 3 B rT*4CtS»itt4«*5 1 71S 6 

[fl$«10] NOR— QftNffliftf. 7-t>$Sfe 

-518*9! 1 7i>M 9 ir>rna»k:iB*©SSifcJ*#i*. 

[R&fl 1 1 ] SftE»±©j»ffiSttffll*^ «MKx*t- 

91 1 0 lcE3£©S«i5fe 
[R#Sl-2] jWCSB=:©ffSBSttffl**. C„H«0 
(CH,CH;0) ,SO,H> C,H„PhO (CH,CH 

,0) t SO,H, C„H»0 (CH,CH t O) ,SO 

[at*3ii3] ME$gX©^®fStt£iJ#, C,H,,N 
(CH,),Br, Sfc«C„H«N (C 2 H 6 ) (C 
H,) ,B rTfc-S -r-5§**9tl 0tcE*c© 

s i 3 ti-rn*Mc8E«©s'«i5t}#^ffi. 

*3i 1 7JS 1 4 H-rn*>CS3tSG)SfiSfe#^S. 

e. n, ISA u y m±.\zmm&mtimfr e> 

$ ttfc c t £4#l& fT 5i!!*3! 1 5 lcE«©S««Ej** 

So 

ffl L7cg® *W**fc «fc o Tfc#tt'«*ttW*«18* t 
<55#g-fb^J. (b) 7^*>S*itB*5 1 t>^^ifi 

ttsi. *5<ktf (c) ft*w*«ww*S!i3Lfc«. me. 
« b c a s t •& & k^f wfo t mw * l -^-r v> s= © 



imam i .§. ] bme^h >K»a*, xfp 

U>^7S>raPif (EDTA) , h^>X-l, 2- 
->i7 □'\+t>y*7S >Mffi& (CyDTA) . X MJ 
nHJ§t& (NT A) . yX?U> h 'J 7 5 y<>$gf 
m (DTPA) . N — (2-hh'D + yIfJW X^U- 
>y7S>-N, N ' , N' -bVSfWL (EDTA-O 
H) . *fctt£ne>**trtfc^*T** 

z>mxm i s tE«©s«i5fe#fK. 

W.2 0] WE*-©»fl;ail«D-&***«, 
MWilTl~10, OOOppmT^i.IS^ll 
TiMl 9.^m*^CE«©S««fe#«. 

(Iit*9i2.]j 'lBEJB-0«<bffltt, *;^>K»-c 
fc-SCIt^lSt-f -519*31 1 7 75M2_0 V»fn*fcE 
«£©*«gfe^?So 

[§!t*3l2_2] ME*Jl'#>KtR*«. ->a9i, *x 

[11*312 3_] »E*ffifi.tt«l3&». ES^X7;7 i ;W©7 
ytr^AS, £7ctes Ml^xJKDl-, fgx, fe 

75M2 2.V»-4"n*fcE*0»*i*»«. 

[W*3i2 4.] m&.ftwm&M&* c«h k o (ch 

iCHiO) ,SO,H. C,H„PhO (GH,CH 2 0) 4 
SO,H, C i; H s O (CH,CH,0) .SOjH^ 3;7c 

2 2.v»-rn^»iE«©ai«jfe»iBE. 

[St*3l2 5j MIEflffitta^, C,H„N (C 
H 3 ) ,Br, SfcttCHsN (C,H S ) (CH,) ,B 

rr&5£<h*#&<fc-f. 5tt*3I 1 7ni2niftl^ 
fCE«©SSEife#ifc. 

[?aii2] 

[*ijE*t#i»g!£] IBM* 
HliIE***3l@*] 0 0 2 3 



